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We, Armocb Research Foundation of 
Illinois iNSimirs of Tbchnologv, a Corpor- 
ation of the State of Illinois, United States of 
Amenca, of 10 West 35th Street, Chicago 16, 
5 Illinois, United States of America, do hereby 
declare the invention, for which we pray that a 

Stent may be granted to us, and the method 
which it is to be performed, to be particularly 
described in and by the following statement ; — 
10 The present mvention relates to fibre metal 
conducts, and more specifically relates to a 
process whereby fibre niyetal compacts possessed 
of varying comroUed degrees of porosity and 
strength are rapidly and conveniently formed 
15 and to the oompacts piodnced by such process. 
In tiie art of fibre metallurgy use is made of 
metallic constiments whose pl^ical properties 
intomediatdy range between metaf powdos 
on the one haiod and metal filaments as used in 
20 the metal wool arts on the other, and as is 
discussed in considerable detail below, by 'die 
utilization of such constituents as herein tau|^t 
there results bodies or oompacts thereof which 
markedly differ in many respects from powder 
25 metal or metal wool bodies. Even more par- 
doulariy, by the pracdoe of our invention metal 
compacts having desirable physical properties 
are produced ficom sudi raw mstcnals oon* 
sisting mainly or entirely of metal fibres. 
30 The compacts resulting firom the use of die 
present process are characterized by a unique 
combination of poromty and mechanical strength 
to make them particulariy useful as filtering 
media, boundary layer control deuces, trans- 
35 phadon cooling elements, heat exchange 
materials, bearings, electrical brushes, magnetic 
drcuit elements, and in numerous other areas 
where their desirable characteristics enable 
them to be beneficially employi^. 
40 In view of the for«oiog considerations, a 
pzhnary object of our lavention Is to provide 
a novel medbod of forming fibre maxH oompacts . 

Another object of our Invendon is to provide 
a mediod of making fibre metal compacts 4X1 
45 bocHo by the process which indodes the BVap 



of air-fditing metal fibres. 

According to the present invention, a process 
fisr making a fibre metal conqKicC oompdses 
releastng separate fibres in a gaseous medium 
80 that the fibres are randomly ozsemed by the 80 
gaseous medium and collect into a randomly 
oriemed mass of fibres, and bonding the fibres, 
in the mass to each other at their points of 
contact, eadi fibre having a length of ficom 
0'005 to 1*0'> and a mean cxoss-secdon of 55 
ficom 0*0005 to 04' and not greater than-one 
tenth of the lengdi of such fibre. 

Likewise a fine metal compact aronrdfng to 
the present tnvemion is formed by leleaaing 
separate fibres hi a gaseous medium so that 
the fibres are randomly oriented by the gaseous 
medium and collect into a racdomly oriented 
mass of fibres, and bonding the 'fibnes in the 
mass to each other at their points of gcmtaa; 
each fibre having a length of from 0*XS05 to 65 
1*0 inches and a mean cross-secrion of ficom 
O'OOOS to 0*r and not greater than onelenth 
of the lengdi of such filne* The invention will 
be •more readily understood by those skilled 
in this particular art fiom the following detmled ID 
disdlosure of the embodiments dieteo^ particiH 
lariy When considered in .ooniunction nhh &e 
acwrniranying drawings in 'whidb z 

Figure 1 ximstrates one oonvenient proocduoe 
for caixying out ^e air or gas-felting atqp of 75 
our iavennon wherein the constituent metal 
fibers are passed tiuough a vibrating son 
through air* or other gases into a mould jof the 
desired end product shape ; 

Figure 2 represents a somewhat mozt 80 
elaborate continuous method of practicing Ae 
air-felting stq> of the present invention whereby 
lengthy, continuous sheets of fiber metal 
materials are r^idly formed } 

Figure 3 illustrates an autogenously bonded 85 
fiber metal body produced in accord beteEnotii ; 
and 

K^ore 4 illnstratcs a liig^y mi^gnified view 
of a sinter bonded metal compact resulting ftom 
ourprooess, . 90 
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To best tmdexstand our invention and the 
benefits and advantages thereof at the onset 
should be considezed exactly what is enoom* 
passed \?ithin and meant by the teim "metal 
5 fiber" as used in the present specification and 
claims. Such term represents a class of materials 
distinct from the long length filaments utilized 
in the metal wool industry, and as a cridcal 
distinction such filaments are not pomissible 

10 raw materials in die practice of our invention 
and &om which to &biicate the desirable 
products resulting fixun our process* On the 
other hand, as indicated above, the term '^metal 
fOsec*' represents a distinct enti^ ftom the raw 

15 materials used in the powder metallinacal 
arts. For porposes of nomenclature we have 
borxowed nam die fabric industry the term 
"staple" to denote a short length fiber as being 
most closely comparable to the metal fibers 

20 used herein and, as is discussed below in 
somewhat more cridcal terms, it is to the 
fabricadon of oonq>)3icts &om such staple 
length fibers that the present invendon is 
direaed. Li distincdon to the filaments 

^ comprising steel wool or metallic wools 
genoally it is essendal to the success of our 
myendon that short length fibers be used to 
ensure that a random' fiber distribution be 
obtained further that' such randomness 

SO provide a unifimsly porous fiber metiflj bodtf • 
Such nniformhy is unobtainable with compacts 
of steel wool since the long length fibers are 
not fbrmable into a randomly onemed mass. 
On the other hand, bodies formed of metal 

35 powders do not illustrate any particular degree 
of strength unless they are extremely dense— 
because of the powder structure considerable 
compaction is required to achieve thorough 
bonding of the powder particles. 

40 At first glance the art seemkgly most dosdy 
related to the present invention is the manu- 
&ctnre of sted wool pads. In such an com- 
pazadvely lox^ length filamwiiB or ribbons, 
IX., from sevoal inches up to several feet in 

45 lengdi, are shayed from a metal body bas^ 
sudh base usually bdng in the form of a rod 
which is drawn acxoss an appropriate cutting 
tooL A multitude of such resu^nt filaments 
are gathered together, primarily in the shape of 

50 parallel lines and are then cut or compressed 
to the selected mass form for the desi^ end 
usajge. When utilizing such steel wool articles 
it is evident that they possess considerable 
stroi^ in the direction of the long axis of the 

55 individual fibcn, but it is also apparent that 
such bodies may be readily dissected or separ- 
ated even after bonding of the filaments by 
forces imposed at a direction at an angle to the 
major or long fiber axis. This is to say diat 

60 sudh sted wool pads illustrate the strength of 
thdr metallic conqxments in a direction along 
their major axis, but it is further qiparent to 
any user of suc^ articles that the filaments may 
be easily sq^arated and in fact with even sli^t 

65 care rather lon^ fiia^j^nm may be e^Sipacfed 



withoot rupture from die sted wool mass. 
In oomparison to the sted wool compacts such 
disseadsility and lack of strength dang the 
axis not paralld with the major axis of the 
filaments are not found in articles produced 70 
in accordance with the process of the present 
invention ; in &ct with our invention one cannot 
speak of a major fiber axis because of the 
random distribution and lade of arientation 
of die metd fibcxs cosnprisiQg the present ^ 
compacts. 

In another somewhat related art, namdy, 
powder metallurgy, spheres or semi^heres of 
vanous selected metals ue compressed and 
bonded to fism various artides of mann&cture. go 
In distinction to both metal wool and fiber 
metallurgical arddes, the products resulting 
from powder metallurgy techniques are, 
they are to exhibit any strength propeartv, 
usually exceptionally dense and lack practically 85 
any degree of porosity because of the fact that 
in order to bond the metd powders exoepdonalty 
dose contaa and compaction are required. 
As a practicd matter die results of powder 
metallurgy are in many aspects almost indi»- 90 
tinct from the well-known solid pyramctd- 
lurgicd products. 

£1 our process of farming fiber metd com- 
pacts cump ai advely short length fibers, i.e., 
from 0-005 to 1*0 iodi are randomly formed gs 
into sheets, diapes and arddes of mann&ctnre. 
Such pro<hict8 do not suffer the ease of di»- 
section .or non-perelld lade of strcngdi of the 
sted wools or metd wools generally yet can 
be formed into porous masses having a density 100 
of from 5% to above 95% in distincdon to mt 
artides farmed of powdar metals. 

Since the length of the fibers is so inqxsrtant 
to the successful use of our process and the 
characteristics of die end produa resulting 105 
therefrom such "short length" limitation should 
be even more aidcally considered. That 
these are stifle lengdi fibers and not powders, 
flakes, chips or long length filaments, all of 
^gdiidi are inoperative for the purposes of the 110 
present invention has already been r»fnd^^. 
As employed in the instant specification and 
claims in addition to the foregoing specific 
numericd limitation by the t^rm "metd fiber^ 
is meant an elongated metallic body having a 115 
long dimcosion substantially greater than its 
mean dimension in aoss-sectioii, and as a 
generd rule the fiber should have a length of 
at least ten times such mean Ampngi«n By 
die term "mean dimension in cross-section** 120 
is meant the diameter of the cross-sccdon in 
the case of a circular sectioned fiber or in the 
case of a recumgolar or rectangulajylike sec- ' 
dooed fiber audi term dmfftfg on^half the 
sumoftheshoAsldeandthelongddeofsudi 125 
rectangle. The absolute lengdi of the fibers 
must be such that by the hereindescribed 
process a ranxlom array of fibers is constantly 
achieved by air-fehmg or a 13ce dry-fdting 
prooedure. Id addition to the specific length 130 



limitations aforemcntioiicd (ic, 0-005 to 1*0 
inch) the avexage mean dimension in cross- 
section of such fibers may vary from 0-1 down 
to 0*0005 inches. Fibers subsiantiaUy longci 

5 than the upper limitations hcrcinmcntioned 
M within the category of filamems and are 
inoperative for the poxpoaes of Ac present 
invention. ^ , 

A further apparent critical Imutation upon 

10 fiber lengths flxe the £mensioiis of the fiber 
metal compact itself. In the usual three- 
Ai fftminnJ pzoduct^ as foT cxan^lc, a sheet 
or blanlset of such materials, we have found 
that the fiber length should be substantially 

15 less than the two major dimensions of such 
body and even msxrc particularly in practical 
operation that such fibers should never exceed 
one-diizd the kngdi of chher sudi major 
dimension. 

20 The restrictions in fiber length are neoessarv 
in orda to prevent what is termed *'bridging** 
in the fabrication of articles from such fiben. 
If the average fiber length is too great, as 
various insular cavities axe initially produced 
25 ^"^"C the ao^felting procedure the sub- 
sequent deposition of fibers results in such 
fibers brid^g aaoss the walls of the voids 
and thus prevents the filling of such voids 
from the matted array. In our procedure, on 
30 the other hand, sudi evacuated spaces are 
fi;tn^natffH ahnost immediatdKr upon their 
formation since die fibers are cf such selected 
lengths ti^t as the voids are temporarily 
created other subsequently entering, fibers 
35 drop into and adequately fill such spaces. This 
provision for the elimination of voi ds fa 
extremely in^rtant to mnintain the intc^ityy 
strength, uniformity and porosity of the artidcs 
by our process and we tnink it evidqat 
40 to those skilled in this particular an that t&s 
feature is not available witii the use of either 
the long lengib filaments of the sted wool 
industry oi the powder metals. 
While our process is primarily Cm: use with 
45 either unooated metal or alloy fibers it may also 
be en]{)loyed with fibers that have a thin,metallic 
brazing conqK>tmd ox the like deposited thereon. 

Mote specifically, starting with the afore^id 
metal fibos which may be produced by cutting 
50 wires to the desired length or other equivalent 
procedures, sudi procedures not bdng a 
fbature of the present invention, in the mrefezred 
embodiment our process involves the vmratioDal 
screening of such fibers either into a molding 
55 form or onto a continuous^ moving belt or 
wtb^ such fibers being deposited with a random 
orientation fi>r strength and porosity purposes. 
Following their fimnation Into a three-dmien- 
sional matted nxass, for most purposes^ the 
60 fibers are sinter bonded or brazed to increase 
the strength of the finished artide. Further^ 
more, in order to provide the greatest degree 
of "green", Le., unsintered, strength mid to 
improve the possible isotrqnc properties of 
65 the dntered oampact we have found that it is 



desirable that the fibers be kinked pnoo: to their 
deposition in accord with, our process and it 
should be dearly cmdcrstood that in the 
preferred usage hereof the fibers are ao kinked. 
While the teem "tinksd" is wellrknown, to 70 
pxedude any misunderstandiiig by suck term 
U meant that the direction of the major fita 
BBS is changed two or three times along the 
length of the fiber. In some instance, sudi 
kbkjng may be 90"" or more but sudi angjle 75 
will depend upon the procedure used and the 
equipment most readily available to the 
operator utilizing the instant process. We have 
found that by kinking the fibers followed by 
random array deposition that there results a 80 
marked increase in the coherency of the fibers 
prior to their bonding. Another fiictor to 
consider at this point is that in some instances 
by the use of me heteindcscribed vibrational 
tedmique pdar to aii^fiehing the prese t 85 
fibers may be kinked and thus a sqiarate ' 
kinking step may be unnecessary. 

BEFERBXMO Now TO THE DRAWINGS: 

In Figure 1 kinked metal fibers 11 are 
illustrated dropping through air into the mold, 90 
12, after their passage tluou^ tiie vibratory 
screen 13. Such fibers form the compact 
14 within the r^m^t^ of the mold and readily 
assume the shape thereof. In this particular 
apparatus the screen 13 may most maply be 95 
vibrated manually and to this end handles 15 
are pedpherally attached tiiereto. If the 
operator wishes, other means of vibration may 
be used, as for eaample ancSi as are provided by 
dectromagnetic fisoes. ^ ,^ ^ 

It should be understood tiiat the mold 12 
may be of substantially any desired shape 
or dimension, and further, tiiat the fibers inay 
]be of practically any metal or combination 
of metals which meet the particular property 105 
requirements of the user hereofl 

Figure 2 discloses a somewhat more comgex 
method of forming a continuous sheet of fiber 
metals. In such process the short length, 
kinked metal fibers 11 are continuonaly fed 110 
from the belt 16 onto a vibratory screen 17 
through which they drop onto a second moving 
belt 18, said in dropping, are formed hito the 
randomly oriented sheet 19, andarefeltedtfaerein. 

After the formation of the compact or sheet 115 
by the foregoing air-fehing procedure^ in the 
next step in the p r efe r red embodiments hereof 
tiie fibers are bonded together at thdr pomts 
of contact How this is accomplished will 
depend upon the density required of the 120 
finished article, and, in some instances, the 
metal of which it is formed. We have found 
that by air-fehing or dry-felting alone it is 
possible to form a fiber metal body having a 
density of from 5% to 20% of a soUd metal 125 
artide of equivalent size and composition. 
For some uses this deosisy is permissible in 
whidi case it is merely necessary for example;, 
to heat die compact to its sintering temperature 
to achieve bondhtg. Such is most readily 130 
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accomplished )oy plndng the conqmct or sheet 
in a heating chamber and holding it at the 
requixed temperature for the necessary txme». 
such matters depcndiDg on the particular 
5 metal being nseal On the other hand, it is 
possible to produce fito metal boi&s of up to 
95% of theoretical densi^j in which instance 
a compaction technique is required. This may 
be accomplished in a multitude of ways at the 

19 discretion of the operator, but in general either 
the matexial is compressed and sintered sunul* 
taneously— ''hot pressing", or is compressed and 
then sintiered in two separate operations. More 
specifically, the sheet resuMng from the 

15 apparatus of Figure 2 ma^ be passed direcdy 
throuigh one or more pairs of hot rolls for 
compression and/or sintering whereas the 
compact 14 (Fig. 1) is most conveniently 
positioned in a die and compressed cold ot hot 

20 pressed. It should also be understood that the 
temperature required fixr sinter bonding not 
only will vary with the metal or alloy which 
fi)rms the fiber metal mass, but further, that 
such composidon will determine the special 

75 atmon>here, if any, required for the sintering 
procedure. 

Figure 3 illustrates a three-dimensional 
oompaa formed by our process. As is evident 
from the drawing, such compaa is composed 

30 of a muldmde of randomly oriented, short- 
length fibers 11, banded inter se. 

in Figure 4 is disclosed a mflgnified view of 
a small portion of the compact of Figure 3 

• to illustrate the sinter bonding of the fibers 1 1 . 

S5 The autogenously bonded mass is important 
in providing the strcugth values of the present 
compacts. In fact^ due to such bonding, upon 
the application of extreme stress to the mass, 
rupture oocnxs not at such autogenous bonds, 

40 but across an individual fiber. This is not osly 
to s^ that upon the formation of an autogenous 
bond that the tensile strength thereof is greater 
than that of a fiber, but also, in view of the 
large nundxr of bond fi}rmations encountered 

45 by each fiber, there results porous compacts 
of great tensile strength. Such is particukriy 
true since the numba of bonds Q.e.j bonding 
points) along the loogth of a fiber may range 
nom two to fifty or more. 

50 In order to successfully employ our process 
m the fabrication of uniform bodies, it is 
necessary during felting through air tiSat the 
weight of the fiben per unit area of the mat or 
compact bemg dq)osit^ be substantiallv 

55 unifonn. More specifically, for example, if 
10 grams of fibers &11 in one minute such 
weight should be substantially equally dis- 
tributed over the entire &oe cf the compact 
This is particuJariy true if the fibers are falliAg 

60 into a static mold. In the case of deposition 
onto a moving belt, this requirement should 
also be met— drop weight per unit area should 
remain as constant as possible to assure the 
formation of a fiber metal blank uniform 

65 pl;^GBl properties. 



The second requirement of our process 
follows from the neoessi^ of forming the pr ese ot 
compact with random fiber orientatioiL To 
fulfill this it is necessary that the fibers fall' 
in a random nuumer— i.e., laddng any regular 70 
ah^po&ent directiooL 

In practice tht foregomg jequiremeotB cf 
uniform fiber weight "^^^ random distribution 
are controlled by suitably selecting thc&equency 
and amplitude of vibration of me fiber screea 75 
or feed hopper, the screen size and the drop 
hc%ht of the fibers. All ofsuch variables should 
be adjusted for a particular mass, length, 
diameter and d^ree of kinking for a particular 
fiber type. Our woik with such process has 80 
indicated that the followiiig are useful rai^gcs 
for such variables ahfaouj^ broader xanges 
could possibly be used : 

(a) The amplinidr of the screen may be 
selectedfrom an estimated 0:001 inch to 6inches. 85 

(b) Thefcequencyof vibration may langefixnn 
3 cydes per seomd to over 1000 cps. We 
prefer to use. 60 q>s. 

(c) The screen openings may vary fiom 0*01 

to 1 '0 inches and the drop height may range 90 
from 0-5 to 84 mches. 

It will be understood that within the range 
of the hereinabove disclosed parameters ue 
present process can be used successfiilly in the 
manu&cture of metal fibre articles. It will, 95 
of course, be leoognized by those skilled in this 
art that in accord with the teachings of our 
invention fibre metal articles of almost un- 
limited cross-sectional area may be produced. 
Furthermore, the rate of production of such 100 
articles may be extremely high and further 
that articles of un&mitcd size as well as cross" 
section may be produced with the suitable 
design of a foroiing mold, or technique. 

In order that our invention may be more 10^ 
fillip understood the following ezaxoples illus- 
trating the makii^ of a series of fibre metal 
compositions are presented : 

BxAMFLB 1 

Fibres made from stcd containing a mazi- 110 
mum of 0*12% carbon, a mainnum of 1*0% 
manganese, a maximum of about 1-0% 
silicon, a mnyi'm>im of about 0*040% phos- 
phorous, a maximum of about 0*030% sulphur 
and about 14% to 18% r>immmtn ai^ aopteor US 
imatdy 0*005 inch diameter and I bnai long 
were vibrated througjii a screen in sSx into a 
suitable mold firam the screen having openiogs 
of approz. 0*033 inches. The drop hei^t was 
8 inches, vibrations were at a pp g oxn uatdy 120 
3 cycles per second and the amplitude xtif 
vibration was approximately 4 indies. Follow- 
ing its formation the mat was sinter bonded at 
2400*^. m a dry hydrogen atmosphere. 

The following table illustrates additional 1S5 
examples of the formation of fiber metal 
compacts. In all such cases the drop hdght 
was 8 indies, vibration was at approdmatdy 
3 cydes per second and -the anqditude of 
vibration was approrimately 4 inches. 130 



Fiber Material 

Mild Sted (SAB 1010) 

Mo^Tbdenum 

Silver 

Brass (60% Go, 40% Zn) 
Bxonze (90% Co, 10% Sa) 
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Table 1 



Tiuigstea 

p intiniim 

Nickel Plated Molybdeaum (platXDg 0*001- 

0-OOr thick) 
SAB 1010 mild steel plated with chromium 

(O OOOOl-O-OOl* thick) 
Nickel and Molybdenum (cofelted) 
Nickel, Molybdenum and Iron (ccfelted) 
Molybdeaum coated with Ni-Gr-Si biaaog 

alley (O-OOOOl-O-OOr thick) 

Mohbdemim coated with Ni-Gr-B brazing aUoy 
(O-OOOOl-OOOr thick) 

Mdybdenum and Tungsten fibers, bodi coated 
with Ni-Gr^ brazing alloy (O-OOOl-O OOr 
thick) 

Molybdenum and Tungsten fibers both coated 
with Ni-Gr-6 brazing alloy (O'OOOmHWl' 
diick 



Fiber Size 
l'xO-005' 
01 X 0-001 
izO-005 
izO-005 
"rx 0-005 
tx 0-005 
tx0<005 
txO-005 
rzOOQS 

ixO-005 

ix 0*005 
1x0-005 
1x0-005 

ixO-005 



ix 0-005 



}x0-005 



ixO-005 



Smtering Tenxpcxatur^ T 
2100 

3200-3500 
1650 
1475 

1300-1400 
700-1060 
1100-2200 
3600-4000 
2750 

2300-2800 

2100-2450 
2300-2800 
2300-2800 



1800-2100 
(brazing temp) 

1800-2100 
(brazing ten^) 

1800-2100 
(brazing temp) 

1800-2100 
(brazing temp) 



Dry hydrogen atmosphere 
In air or d^ hydrogen 
Neutral atmosphere, c;^ helimn 

in av oir a dissocutcd aiomouia ^ t * wo^piiopg 
Neutnl 01 sU^idy ooddiziiig atmoqihae 
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It is also possible in the practice of our 
invention to cany the metal fibers in a gaseous 
stream into the mold form or onto the sheet- 
5 forming web. In this instance the vibrational 
screening technique is eliminated and the fibers 
are directly blown or deposited, preferably 
after kxnkmg, into the desired compact 
FallGwing such deposition the fibers are' 
10 again bonded* 

WHAT WB CLAIM IS: 
1. A process for making a fibre metal 
compact comprising releasing separate fibres 
in a gaseons medium so that the fibres are 
15 randomly oriented by the gaseous medium and 
oollea into a randomly oriented mass of fibres, 
and bonding the fibres in the mass to each other 
at their points of contacti each fibre having a 
length of tarn 0 005 to 1 -O^j and a mean cross- 
20 section of from 0-0005 to O-l'' and not greater 
than one tenth of the length of such fibre. 

Z A process as daimcd in daim 1^ which 
indudes the step of separating the fibres befi)re 
the fibres are released in the paseous medium. 
25 3. A process as claimed m daim 1, or 2 
wUcfa indudes the step of kinking the filnts. 

4. A process as claimed in claim 1^ 2 or 3 
in wluch the fihres collect into the mass in a 
conopactforndng member and hi which &e 



mass is compressed to increase the density of 30 
the mass. 

5. A process as claimed in claim 4^ in 
whidi the $tq>$ of compressing and bonding the 
fibres are carried out smiultaneously. 

6. A process as daimed in any preceding 35 
daim, in which the gaseous medium is air 
and the step of releasing the fibres comprises 
allowing the fibres to &U under gravity throu^ 
the air. 

7. A process as cidmed in any precedhig 40 
daim in wfaidi the fibres' ore rdeased in the 
gaseons medium by means of a vibrating screen. 

8. A process as daimed in any of claims 1 
to ^ hi which the gaseous medium is a g^eous 
stream by which the fibres are carried after 45 
being rdeased. 

9. A process for making a fibre metal 
con^aa substantially as hereim>efQre described 
with reference to the accompanying drawings. 

10. A fibre metal compact formed by 50 
rdeasing sejparate fibres in a gaseous "^^^^^m 

so that the fibres are randomly oriented by the 
gaseous medium and collect into a randomly 
oriented mass of fibres and bondiAg the fibres in 
the mass to eadi other at their pohits of comaa, 55 
each fibre having a length of finmi 0-005 to 1*0" 
and a mean cross-section of fiom 0-0005 to 



0*1' and not greater than one tentii of die 
leogdi of such fibre. 

11. A fibre metal coinpact fonned hy the 
process daimed in any of pieoeding riBims 2 
to 9. 

IZ A fibre metal compact farmed sub- 
stantially as hcKinbefisre described witfa 



reference to the accompanying diannngis. 
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